Lectin Cramoll-1,4, obtained from Cratylia mollis seeds (beans camaratu) was structurally characterized, biologically and pharmacologically, but its use as a biopharmaceutical is not well documented. The objective of this study is to propose a biopharmaceutical formulation lectin Cramoll-1,4, test their hemagglutinating properties in vitro as well as the use of gamma radiation as a continuous process of decontamination formulation. It was made of the extraction and purification Cramoll-1,4, was developed a gel formulation using Carbopol  as a vehicle, at concentrations of 50, 100, 200, 300 and 600 µg was irradiated with 60 Co gamma rays in a dose of 7.549 kGy·h -1 . The proposed formulation at a concentration of 300 µg produced an increase in the hemagglutinating units Cramoll-1,4 due to the synergistic effect caused by gamma radiation. Considering the diverse use of lectins, specific molecular and structural factors, as well as changes resulting from its formulation, concentration, irradiation and route of administration is of utmost importance to continue the studies in vitro, for subsequent application in vivo to characterize the physiological and molecular processes involved in the response and cellular effects.
Introduction
Camaratu or Camaratuba beans (Cratylia mollis) is a forage of the semi-arid Northeast of Brazil. Natural products from plants or animals are still important sources in medical therapy. However, it takes careful pharmacological and toxicological studies to prove its efficacy and safety [1] .
Lectins are proteins found in nature, often found on the cell surface or intracellular particles [2] . They have specific binding sites for carbohydrates and have the ability to interact with the molecules in biological fluids and those present on the cell surface [3] . Lectins can replace natural ligands and activate cellular responses via different intracellular signaling pathways and endocytosis of compounds formed [4, 5] .
Molecular forms of the lectin from seeds of C. mollis (Cramoll 1, Cramoll 2, Cramoll 3 and Cramoll 4) have been extensively purified and characterized [6] [7] [8] . Cramoll 1, 2 and 4 are lectins that bind specifically to glucose/ mannose, while Cramoll 3 is a galactose-specific glycoprotein. Preparations containing isoforms (Cramoll-1,4) and isolectinas (Cramoll 1, 2, 3), as well as a Cramoll were structurally analyzed and used in various biotechnological applications [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Andrade et al. [11] showed anti-tumor activity using liposomes containing the free or encapsulated Cramoll-1,4. The therapeutic use of lectins in the tissue repair process is still poorly studied. Yasuoka et al. [16] used lectins of Phaseolus vulgaris (PHA) and seed lectins from Canavalia ensiformis, Concanavalin A (ConA) in indomethacininduced intestinal ulcers in rats, there was a faster tissue repair in animals treated with lectins.
The use of gamma rays is an alternative method for sterilization/decontamination products and raw materials. However, one of the main problems of irradiation is the occurrence of new radicals in the process. Irradiation is not a substitute for non-compliance with Good Manufacturing Practices (GMP). In fact, it should be a part of GMP [17] [18] [19] [20] .
The process of gamma radiation may not result in a radioactive product or leave any residual radioactivity. The microorganisms are killed or as a result of the destruction of a molecule or by chemical reaction of the compounds resulting from radiation. The most common treatment used is the gamma radiation levels in the control of microbial contamination of food and many other products such as pharmaceuticals and cosmetics [17] .
According to the United States Pharmacopeia (USP), topical preparations should not contain microbial load exceeding the allowable limits. In many cases, the offending organisms in a cosmetic product are Escherichia coli and Pseudomonas aeruginosa. Both are especially susceptible to radiation energy at very low doses, which often means that the effect of radiation on the product is negligible [21] . Cosmetic products may be contaminated during manufacture by microorganisms in the environment or the raw materials.
Pharmacopoeia in the microbiological limits are recommended in the guidelines for a variety of cosmetic preparations. Generally, the radiation dose range of choice to achieve these levels varies between 5 and 15 kGy [18] . However, to understand and study deeply the radiation at higher doses (100 kGy) can be used.
Gamma radiation can penetrate the packaging material and finished products containing containers closed and thus destroy the existing microorganisms. Decontamination by gamma radiation is gaining increasing attention in the production of cosmetics [20] .
The 60 Co is commonly used for gamma irradiation, can be used for cosmetics. In order to reduce the microbiological content, this method of gamma irradiation does not leave residues that can be harmful to workers or consumers. The use of 60 Co also proved an effective technique in reducing pollution or contamination of the fungal flora of medicinal plants [22] .
Interestingly, in different experimental conditions, characterized by different plant species, biological materials and therefore different treatment conditions also need to confirm the chemical stability of the sample, as well as the reduction or inactivation of microbial load contained therein [22] [23] [24] .
The objective of this study was to develop a formulation of Cramoll-1,4 under the effect of decontamination by gamma radiation for use as a biopharmaceutical while maintaining the properties of hemagglutinating lectin.
Material and Methods

Purification of Lectin
An extract of seeds of C. mollis (10% v/v prepared in 0.15 M NaCl) was fractionated with ammonium sulfate (40% -60% v/v) and the fraction obtained was subjected to affinity chromatography on Sephadex G-75. Cramoll-1,4 bioseletivamente was eluted with a solution of 0.3 M D-glucose in 0.15 M NaCl, dialyzed with 0.15 M NaCl for 24 hours and lyophilized according to CORREIA & COELHO [7] .
Hemagglutinating Activity
Hemagglutinating activity (HA) is defined as the lowest sample dilution resulting in hemagglutination [7] . Rabbit erythrocytes treated with glutaraldehyde were obtained as described by Bing et al. [25] . It was used a total dose of 15 kGy for all irradiated samples. All preparations were tested for hemagglutination activity and protein content was determined by spectrophotometry according to Lowry et al. [26] using a calibration curve of BSA (Bovine Serum Albumin) as standard (0 -500 mg/ml). For each sample to evaluate the HA was done in triplicate.
Gel Formulation
For all experiments, the Carbopol  was used as a vehicle (polymer powder). The polymer was suspended in a buffer solution of boric acid (pH 6.0) at 25˚C. This pH was chosen because it is similar to the pH of the skin. Solutions Cramoll-1,4 were added to the polymer powder and these were dissolved in buffer solution of boric acid in quantities necessary to achieve concentrations Cramoll-1,4 the end of 50, 100, 200, 300 and 600 µg/100 µg of gel. Although no preservative was used, was made the use of alcohol 96˚ GL.
Irradiation of the Gel
Irradiation was performed at room temperature using 60 Co Gamma 220 cells available at the Federal University of Rio de Janeiro, at a dose rate of 7549 kGy·h -1 . Samples (Cramoll-1,4 and gel formulation Cramoll-1,4) in glass vials were irradiated with doses of 10 and 100 kGy. Irradiated samples were used as controls to detect changes physico-chemical, biological and microbiological resulting from the action of ionizing radiation on the products. sensor shaft with shear rate from 0 to 200 (Hz) and temperature controlled at 25˚C with thermostat TC501. 
Antimicrobial Activity in Vitro
Validation of Method
Harmless microorganism of each test was prepared by serial dilution of the suspension of stock. Then 100 mL of each test organism ( Table 1) were transferred to Petri dishes containing 100 mL of gel excipient. The culture media (15 mL) were added to each plate. Fungi were incubated at 22.5˚C ± 2.5˚C and bacteria in 32.5˚C ± 2.5˚C. A. niger was incubated for 6 -10 days and yeasts during 18 -24 h. All tests were performed in triplicate, and just over 70% of recovery levels were considered.
Treatment of Samples
Quantities of 1.0 g of sample were added into sterilized jars that have been intentionally contaminated with 100 mL of each strain of microorganism ( Table 2 ) and subjected to separate doses of 10 and 100 kGy of gamma radiation from a 60 Co source. After this treatment, 1 mL of each sample was transferred to a petri dish and prepared for microbial count ( Table 1) .
Results
The microbiological analysis (Table 1) showed that all microorganisms were recovered efficiently, providing validation of the method used to evaluate the effect of gamma rays in the samples. The Table 2 shows that doses of 10 and 100 kGy gamma were effective for the treatment of previously contaminated samples.
The results of rheological analysis were important, especially after irradiation of the gel. The analysis of Figure 1 shows the apparent viscosity versus the shear rate for samples non-irradiated and irradiated with 10 and 100 kGy and can be observed that for all samples, the apparent viscosity decreased with increasing dose of irradiation at a constant shear rate, so for an irradiation The gel excipient, as desired, showed not hemagglutinating activity (Figure 2) . However, it was observed that the Cramoll-1,4, at a concentration of 50 µg, both Cramol-1,4 native and the formulation under the influence of radiation lost their hemagglutinating activity. However as we increased the concentration of lectin (100 µg), these changes were not observed. At a concentration of 200 µg, there was a reduction in the hemagglutinating activity Cramoll-1,4 native and radiated in the formulation, however, allowed the maintenance of a good title for hemagglutinating activity.
According to Figure 2 the hemagglutinating activity of Cramoll-1,4 gels at a concentration of 300 µg was maintained after irradiation while Cramoll-1,4 native lost this activity. The formulation irradiated at a concentration of 600 µg of Cramoll-1,4 reached an undesirable level of HA different from zero, as occurred with the native form irradiated. This suggests that the gel has a "protective" effect on the Cramoll-1,4, especially against hydrolysis by maintaining the activity of the lectin longer.
These data suggest that gamma irradiation at a dose of 15 kGy at a concentration of 300 μg can be used as an alternative process for the microbial control of drugs based on Cramoll-1,4 and maintenance of a satisfactory title hemagglutinating activity.
Discussion
The results microbiological analysis (Table 1) corroborate the literature on the use of irradiation for decontamination.
The results in Table 1 suggest the routine use of gamma radiation for the decontamination of biopharmaceuticals and cosmetics, which is consistent with the observations of MAHER & DIETZ [27] who claim that irradiation plays an increasingly important role in the decontamination of cosmetic and medicinal products.
The results of rheological analysis (Figure 1 ) indicates that the dose of 100 kGy is not recommended since it reduces the viscosity of the gel. This viscosity represents one of the most important factors in using this formulation because it allows a greater adherence material tissue under study. Several aspects make the gel formulation an ideal introduction for the treatment of tissue lesions, such as biocompatibility, no toxicity, biodegradability, adhesion and absorption [28, 29] .
According to the results obtained from the evaluation of hemagglutinating activity, it is possible to develop an in vivo study, so it will be possible to evaluate the effect of this formulation in the tissue repair process, since several experimental studies have reported the effect of using lectins mannose-glucose in the repair skin lesions [30, 31] , be effective as therapeutic agents and reducing the time of tissue repair. We evaluated the effects on the repair of cutaneous lesions in normal mice using the isoforms 1 and 4 of Cratylia mollis lectin [32] and in immunosuppressed animals by the use of methotrexate, a study by Melo et al. [33] , which had their injuries repaired efficiently and in less time.
Conclusion
The gel formulation of the radiated Cramoll-1,4 at a concentration of 300 µg was adequate for the maintenance of hemagglutinating activity, suggesting its topical application in vivo. The gamma irradiation was effective in controlling microbial formulation. It is suggested to continue their studies, particularly regarding the effects of this formulation in vivo.
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